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(54) Catheter having nonlinear flow portion 

(57) An improved catheter (10) having at least one 
lumen (16) with a nonlinear inflation lumen flow portion 
that may be used with a balloon (18) or in a guide cath- 
eter (24). Additionally disclosed is a catheter assembly 
(20) having a nonlinear flow portion for contrast media 
delivery. The nonlinear flow portions facilitate hydraulic 
and mechanical characteristics relating to deflation of a 
balloon (18), the flow rate of fluid, contrast media or the 
like, and relative performance. 
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Description 

Background of the Invention 

This invention relates generally to catheters, and 
more particularly to catheters, balloon catheters, or bal- 
loon and guide catheter assemblies having a nonlinear 
flow portion. 

Catheters are used in percutaneous transluminal 
coronary angioplasty and other medical procedures to 
administer medical treatment. For example, medical 
personnel will often use a balloon catheter to open a 
stenosis in an artery. This medical procedure often 
requires various sized balloon catheters to be used 
within a guide catheter. The balloon catheter and guide 
catheter sizes are generally dependent on the medical 
procedure and access to the treatment area. 

During angioplasty, medical personnel generally 
prefer rapid balloon deflation and desire a relatively high 
flow rate of contrast media or the like through the bal- 
loon and guide catheter assembly in order for visual 
identification of the treatment area and for general effi- 
cient medical treatment. The need for generally rapid 
deflation of the balloon catheter and relatively high fluid 
flow rate through the balloon and guide catheter assem- 
bly has become more important with advances in micro- 
surgery, neuro-surgery, and conventional angioplasty 
procedures. Overall, there is a need for smaller cathe- 
ters, balloon catheters, guide catheters, and balloon 
and guide catheter assemblies having superior hydrau- 
lic and mechanical performance. 

Balloon and guide catheters require superior 
mechanical characteristics because they are often 
pushed a significant distance from the body access site. 
For example, during angioplasty, a catheter or balloon 
catheter may be disposed in a guide catheter lumen and 
the distal end may be pushed beyond the distal end of 
the guide catheter, through numerous tortuous arteries, 
to reach the treatment area. Manipulation of the cathe- 
ter generally requires: the proximal portion of the bal- 
loon catheter to be relatively stiff; the distal portion of 
the balloon catheter to be relatively flexible; and the 
catheter shaft to have a relatively small profile. 

Once the balloon catheter is disposed in the guide 
catheter, contrast media, blood product, medicant, ther- 
apeutic, or other products may be injected into the arter- 
ies. 

Various types of balloon and guide catheters are 
commercially available. 

Summary of the Invention 

The object of the invention is to provide a catheter, 
balloon catheter, or balloon and guide catheter assem- 
bly with generally improved hydraulic and mechanical 
performance using a novel nonlinear flow portion in the 
catheters. 

In the catheter or balloon catheter, a nonlinear 



decreasing inflation lumen flow cross-sectional area 
distally along at least a portion of the longitudinal axis 
advantageously provides: a relatively greater diameter 
proximal portion shaft that allows relatively greater prox- 
5 imal pushability and stiffness without inhibiting the flow 
rate through a balloon and guide catheter assembly; a 
relatively smaller distal shaft diameter that allows rela- 
tively greater flexibility; and relatively faster balloon 
deflation. 

10 In the balloon and guide catheter assembly, a non- 
linear increasing flow cross-sectional area distally along 
at least a portion of the longitudinal axis advanta- 
geously relatively improves the fluid flow rate. The flow 
cross-sectional area is formed between the outside sur- 

15 face of the balloon catheter and the inside surface of the 
guide catheter and extends along at least a portion of 
the length of the coextensive shafts to form a flow por- 
tion. 

Other therapeutic or diagnostic devices such as a 

20 stent delivery catheter, irradiating catheter, ultrasound 
imaging catheter, or atherectomy device may be used in 
conjunction with the present invention. 

Still other objects and advantages of the present 
invention and methods of construction of the same will 

25 become readily apparent to those skilled in the art from 
the following detailed description, wherein only the pre- 
ferred embodiments are shown and described, simply 
by way of illustration of the best mode contemplated of 
carrying out the invention. As will be realized, the inven- 

30 tion is capable of other and different embodiments and 
methods of construction, and its several details are 
capable of modification in various obvious respects, all 
without departing from the invention. Accordingly, the 
drawing and description are to be regarded as illustra- 

35 tive in nature, and not as restrictive. 

Brief Description of the Drawings 

FIG. 1 is a sectional view of a balloon catheter 
40 embodying the present invention; 

FIG. 2 is a sectional view of a balloon and guide 
catheter assembly embodying the present inven- 
tion; 

FIG. 3 is a table showing results of inflation and 
45 deflation testing in accordance with the invention, in 
connection with three different catheters; and 
FIG. 4 is a table showing results of flow rate testing 
in accordance with the invention, in connection with 
three different catheters. 

50 

Detailed Description of the Invention 

Reference is made to FIG. 1 and FIG. 2 of the draw- 
ings which illustrate preferred embodiments of the bal- 
55 loon catheter 10 according to the present invention 
showing an elongated tube 14 having a wall of substan- 
tial uniform thickness connecting and communicating 
with a balloon 18. The elongated tube 14 has a nonlin- 
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ear inflation lumen flow portion 16 extending from the 
proximal end 14a through the body of the elongated 
tube 14 to a distal end 14b. In the balloon catheter 10, 
or the balloon and guide catheter assembly 20 illus- 
trated in FIG. 2, the inflation lumen flow portion 16 or 
flow portion 19 may comprise a variety of flow cross- 
sectional area shapes, such as circular, oblong, irregu- 
lar, annular, or a combination of shapes, along each 
respective axis or coextensive axis. The inflation lumen 
flow portion 16 of balloon catheter 10 or balloon and 
guide catheter assembly 20 generally has a profile that 
decreases nonlinearly distally along the length of the 
catheter. 

In another embodiment, the balloon catheter 10 
may have a flow cross-sectional area in the proximal 
portion 15a of flow portion 16 that nonlinearly 
decreases distally to a smaller flow cross-sectional area 
at the distal portion 15b. In still another embodiment, 
the balloon catheter 1 0 may have an outside diameter at 
the proximal portion 15a that nonlinearly decreases 
along the longitudinal axis to a smaller outside diameter 
at the distal portion 15b. In another embodiment, the 
elongated tube 14 may be partially inserted in the elon- 
gated tube 24. 

In another embodiment, the flow cross-sectional 
area in flow portion 16 may end decreasing nonlinearly 
between about 10% and about 60% of the longitudinal 
length measured from the proximal end 14a. Thereafter, 
the flow cross-sectional area in flow portion 16 may be 
constant, linear tapered, stepped or a combination of 
segments along the remaining longitudinal length. Also, 
the flow cross-sectional area in flow portion 19 in the 
balloon and guide catheter assembly 20 may end 
increasing nonlinearly between about 10% and about 
60% of the longitudinal length measured from the prox- 
imal end 24a. Thereafter, the flow cross-sectional area 
may be constant, linear tapered, stepped or a combina- 
tion of segments along the remaining coextensive axis. 

In this application, the term "flow cross-sectional 
area" refers to any cross-sectional area formed in a bal- 
loon and guide catheter assembly where contrast media 
or the like will flow across; or any cross-sectional area 
formed in a catheter where fluid or the like will flow 
across. In this application, "flow portion 16" refers to a 
flow cross-sectional area that extends along at least a 
portion of a catheter longitudinal axis. In this applica- 
tion, "flow portion 19" refers to a flow cross-sectional 
area that extends along at least a portion of a balloon 
and guide catheter assembly longitudinal axis. In this 
application, the term "nonlinear" or "nonlinearly" refers 
to a rate of change in the flow cross-sectional area that 
is nonconstant or nonuniform per unit of change in the 
catheter or balloon and guide catheter assembly axial or 
longitudinal length. In this application, "proximal portion 
15a" refers to the proximal most 40% of the elongated 
tube 14; "distal portion 15b" refers to the distal most 
40% of the elongated tube 14; "proximal portion 25c" 
refers to the proximal most 40% of the elongated tube 



24; and "distal portion 25d" refers to the distal most 40% 
of the elongated tube 24. 

The balloon catheter 10 and balloon and guide 
catheter assembly 20 may include over-the-wire, rapid- 

5 exchange, or other types of catheters and may be con- 
structed of materials and by methods known in the art. 
The balloon catheter 10 and balloon and guide catheter 
assembly 20 may also include a guide wire lumen 22. 
Angioplasty catheters are disclosed for instance in U.S. 

10 Patents 5,425,712 and 4,762,129. In addition, a diag- 
nostic catheter is disclosed in U.S. Patent 5,403,292. All 
documents cited herein are incorporated by reference in 
their entireties for all purposes. 

The balloon catheter 10 has a distal end 14b that is 

15 connected to the proximal portion 18a of a balloon 18. 
The flow portion 16 communicates with and allows fluid 
to flow to and from the balloon 1 8. The connection of the 
proximal portion 18a of balloon 18 at the distal end 14b 
of the elongated tube 14 is preferably made by thermal, 

20 adhesive, laser bonding, or by conventional mechanical 
or chemical methods. 

A typical balloon catheter 10 or balloon and guide 
catheter assembly 20 may have a syringe or hub 
assembly that is generally connected proximal to the 

25 proximal portions 15a, 25c which may be used to 
deflate the balloon 18 or to inject contrast media. For 
example, when a syringe plunger is drawn back, it first 
creates a vacuum in the syringe barrel and in the proxi- 
mal portion 15a of flow portion 16. Balloon fluid, typi- 
st? cally diluted contrast media, will first flow from the 
proximal portion 15a of flow portion 16 and thereafter 
fluid evacuation will continue distally and balloon 18 will 
deflate. During balloon 18 deflation, an amount of fluid 
flows from balloon 18, in a direction towards the proxi- 

35 mal portion 1 5a of flow portion 1 6. 

Generally, the flow rate through an inflation lumen 
or flow cross-sectional area is equal to the pressure 
divided by the flow resistance. In the present invention, 
the pressure is essentially constant which allows the 

40 fluid flow rate through the flow portion 16, 19 to be 
increased with a reduction in the flow resistance along 
the catheter or coextensive catheter longitudinal axis. 

Generally, the flow resistance is proportional to the 
flow length divided by the flow cross-sectional area. In 

45 the present invention, the flow length is essentially con- 
stant. Therefore, when the flow cross-sectional area 
increases, the flow resistance generally decreases and 
the flow rate increases. 

For example, an amount of fluid entering a lumen 

so having a relatively constant flow cross-sectional area 
along the length of the lumen may experience generally 
constant resistance along the length of the lumen. In 
comparison, an amount of fluid entering a lumen having 
a nonlinear flow portion along the length of the lumen 

55 may experience progressively less flow resistance 
along the length of the lumen. 

Reference is made to Fig. 3 which illustrates the 
results of testing of a balloon catheter 10 incorporating 
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a relatively nonlinear decreasing flow cross-sectional 
area in flow portion 16 from the proximal end 14a to the 
distal end 14b. The inflation and deflation times of the 
balloon 18 using a relatively nonlinear decreasing 
cross-sectional area from the proximal end 14a to the 
distal end 14b and having a larger proximal end 14a 
were faster than the inflation and deflation times of the 
balloon 18 measured using a relatively constant flow 
across-sectional area. 

The nonlinear flow portion 16 in the balloon cathe- 
ter 10 generally provides decreasing flow resistance in 
the proximal direction and the nonlinear flow portion 19 
in the balloon and guide catheter assembly 20 generally 
provides decreasing flow resistance in the distal direc- 
tion. 

A preferred embodiment of the balloon and guide 
catheter assembly 20 has a first elongated tube 14 dis- 
posed in the second elongated tube 24. The balloon 
catheter 10 has proximal end 14a where fluid typically 
enters or exits the inflation lumen flow portion 16; and 
the balloon and guide catheter assembly 20 has a prox- 
imal end 24a where fluid enters or exits the flow portion 
19 between the inside surface 23 of the second elon- 
gated tube 24 and the outside surface 27 of the first 
elongated tube 14. The first elongated tube 14 has at 
least one inflation lumen flow portion 16 extending from 
the proximal end 14a through to a distal end 14b con- 
necting and communicating with a balloon 18. 

In a preferred embodiment of the balloon and guide 
catheter assembly 20, the second elongated tube 24 
has an inside and outside diameter that is substantially 
constant along its longitudinal length. 

The nonlinear flow portion 19 in the balloon and 
guide catheter assembly 20 generally advantageously 
allows a relatively increased flow rate in the distal direc- 
tion. Typically, fluid is forced under pressure by a 
syringe from the proximal portion 25c towards the distal 
portion 25d. Under pressure, the fluid enters the rela- 
tively small flow cross-sectional area in flow portion 19 
at the proximal portion 25c. As the fluid or contrast 
media moves distally through the flow portion 19, the 
resistance generally progressively decreases as the 
flow cross-sectional area nonlinearly increases distally, 
resulting in an increased fluid flow rate. 

In another embodiment of the balloon and guide 
catheter assembly 20, a nonlinear decreasing flow 
cross-sectional area in flow portion 1 9 from the proximal 
portion 25c to the distal portion 25d would provide a rel- 
atively greater fluid or blood flow rate of removal from a 
patient in the proximal direction. 

The balloon and guide catheter assembly 20, first 
elongated tube 14 may have an outside diameter in the 
proximal portion 15a that nonlinearly decreases along 
the longitudinal axis to a smaller outside diameter at the 
distal portion 15b. 

FIG. 4 illustrates the results of testing of a balloon 
and guide catheter assembly 20 incorporating a rela- 
tively nonlinear increasing flow portion 1 9 from the prox- 



imal end 24a to the distal end 24b. 

The flow rate through the balloon and guide cathe- 
ter assembly 20 using a nonlinear increasing flow por- 
tion 19 and using a balloon catheter 10 with a slightly 

5 larger proximal end 14a, a slightly smaller distal end 
14b, a nonlinear decreasing flow portion 16; a wall 17 of 
substantial uniform thickness; and using an elongated 
tube 24 with a relatively constant inside diameter was 
relatively improved as compared to using a balloon and 

10 guide catheter assembly 20 having a relatively constant 
flow portion 19 along the coextensive catheter axis. 

The flow rate through the balloon and guide cathe- 
ter assembly 20 nonlinear increasing flow portion 19 
using a balloon catheter 10 having a 4F proximal end 

15 14a and 2.9F distal end 14b was relatively as good as 
the flow rate using a relatively constant 3.1 F balloon 
catheter. 

The flow rate through the balloon and guide cathe- 
ter assembly 20 nonlinear increasing flow portion 19 

20 using a balloon catheter 10 having a 3.5F proximal end 
14a and 2.9F distal end was relatively improved as com- 
pared to the flow rate using a relatively constant 3.1 F 
balloon catheter. 

The balloon catheter 10 and balloon and guide 

25 catheter assembly 20 each preferably have a wall 17 of 
substantial uniform thickness. In another embodiment, 
the balloon catheter 10 outside boundaries may be rel- 
atively defined by an angle formed by an imaginary line 
drawn between the proximal most nonlinear flow portion 

30 outside surface point of the proximal portion 15a and 
the distal most nonlinear flow portion outside surface 
point of the distal portion 15b with the balloon catheter 
10 longitudinal axis of between about 1 degree and 
about 0.01 degree. In yet another embodiment, the bal- 

35 loon catheter 1 0 may have a constant outside diameter 
from the proximal portion 15a to the distal portion 15b. 
In another embodiment, the balloon catheter 10 may 
have at least 50% of the flow cross-sectional area 
decrease in flow portion 16 occurring within the first 

40 25% of the longitudinal length. In yet another embodi- 
ment, the balloon and guide catheter assembly 20 may 
have a flow cross-sectional area in flow portion 19 that 
increases at least 20% distally along the longitudinal 
length measured from the proximal end 14a. In still 

45 another embodiment, the balloon catheter 1 0 may have 
a flow cross-sectional area in flow portion 16 that 
decreases at least 20% distally along the catheter longi- 
tudinal length measured from the proximal end 24a. In 
another embodiment, the balloon catheter 10 may have 

so at least one flow portion 16 with a flow cross-sectional 
area that decreases nonlinearly distally along at least a 
portion of the longitudinal axis and thereafter has at 
least one additional substantially constant, linear 
tapered, or stepped flow cross-sectional area segment 

55 along the remaining longitudinal axis. In another 
embodiment, the balloon and guide catheter assembly 
20 may be a kit having a balloon and guide catheter with 
nonlinear flow portions 16, 19 optimized for a particular 
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performance. 

The flow portions 16,19 may be further engineered 
to provide a relatively higher or lower flow rate for a par- 
ticular use. Also, in other embodiments of the balloon 
catheter 10, and balloon and guide catheter assembly 5 
20, the wall thickness, flow cross-sectional areas, and 
flow portions 16, 19 may vary to meet mechanical and 
hydraulic objectives. 

In other embodiments of the balloon catheter 10 
and balloon and guide catheter assembly 20, additional 10 
nonlinear flow portions 1 6, 1 9 may be formed in the inte- 
rior, exterior, or through ports of the elongated tubes 14, 
24; and the flow cross-sectional area in nonlinear flow 
portions 16, 19 may vary along the longitudinal lengths 
of the first elongated tube 14 and second elongated is 
tube 24, respectively. Multiple lumens having nonlinear 
flow portion 16 may be formed inside or along the exte- 
rior of the balloon catheter 10. Also, multiple nonlinear 
flow portions 16, 19 and lumen openings may be pro- 
vided in a balloon and guide catheter assembly 20. Mul- 20 
tiple lumens may be used in over-the-wire, rapid- 
exchange, and in a variety of catheters in a guide cath- 
eter. 

The above described embodiments of the invention 
are merely descriptive of its principles and are not to be 25 
considered limiting. Further modifications of the inven- 
tion herein disclosed will occur to those skilled in the 
respective arts and all such modifications are deemed 
to be within the scope of the invention as defined by the 
following claims. 30 

Claims 

1 . An intravascular catheter (1 0) comprising: 

35 

(a) an elongated tube (14) having a proximal 
portion (15a) and a distal portion (15b); 

(b) the elongated tube (14) having an outside 
diameter and at least one lumen (16) having a 
longitudinal length and adapted to form a flow 40 
cross-sectional area; 

(c) the flow cross-sectional area changing non- 
linearly in at least a portion of the at least one 
lumen (16); and 

(d) the at least one lumen (16) communicating 45 
with a balloon (18). 

2. An intravascular catheter (1 0) as claimed in Claim 1 
wherein the outside diameter decreases nonline- 
arly on at least a portion of the elongated tube (1 4). 50 

3. An intravascular catheter (10) as claimed in Claim 1 
or Claim 2 wherein the flow cross-sectional area 
decreases at least 50% within the first 25% of the 
lumen (16) longitudinal length measured from the 55 
proximal end. 

4. An intravascular catheter (10) as claimed in any 



preceding Claim wherein the flow cross-sectional 
area decreases nonlinearly distally. 

5. An intravascular catheter (1 0) as claimed in Claim 4 
wherein the flow cross-sectional area decreases 
nonlinearly distally until between 10% and 60% of 
the lumen (16) longitudinal length measured from 
the proximal end. 

6. An intravascular catheter (10) as claimed in any 
preceding Claim wherein the flow cross-sectional 
area changes at a nonuniform or nonconstant rate 
per unit of axial length. 

7. An intravascular catheter (10) as claimed in any 
preceding Claim wherein the flow cross-sectional 
area decreases at least 20% distally along the lon- 
gitudinal length. 

8. An intravascular catheter (10) as claimed in any 
preceding Claim wherein the flow cross-sectional 
area has a shape selected from the group compris- 
ing of circular, annular, oblong, and irregular 
shapes. 

9. An intravascular catheter (10) as claimed in any 
preceding Claim further comprising a second elon- 
gated tube (24) having a longitudinal length, at least 
one lumen (19) and an inside surface (23) wherein 
the first elongated tube (14) is disposed at least 
partially in the second elongated tube (24) lumen 
(19) forming a second flow cross-sectional area 
between the first elongated tube (14) outside sur- 
face (27) and the second elongated tube (24) inside 
surface (23). 

1 0. An intravascular catheter (1 0) as claimed in Claim 9 
wherein the first or second flow cross-sectional 
area changes at a nonuniform or nonconstant rate 
per unit of change in axial length. 
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